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The governing equations are transformed into self-similar ordinary differential equations by adopt-
ing similarity transformations and then the converted equations are solved numerically by shooting
method. The study reveals that in addition to the velocity ﬁeld, for the temperature distribution the
dual solutions exist for some values of velocity ratio parameter. The heat transfer rate enhances due
to the unsteadiness of the ﬂow. The temperature for ﬁrst solution decreases with unsteadiness
parameter, and for second solution the temperature initially decreases, but it increases at large dis-
tance from the sheet. Moreover, for dual solutions as well as unique solution cases, the heat transfer
rate increases with the Prandtl number in presence of unsteadiness.
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The heat transfer in the ﬂow due to a stretching sheet is very
important in practical point of view. This type of ﬂow is fre-
quently appears in many industrial and engineering processes
and in those cases, the qualities of the ﬁnal products depend
to a great extent on the rate of cooling. So, to get better prod-
uct the heat transfer should be controlled. The pioneering
work in this area was made by Crane [1], he investigated steady2530452.
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02boundary layer ﬂow over a linearly stretching plate. The heat
and mass transfer on a stretching sheet with suction or blowing
was studied by Gupta and Gupta [2]. Dutta et al. [3] analyzed
the temperature distribution in the ﬂow over a stretching sheet
with uniform heat ﬂux. Crane’s work was also extended by
many researchers [4–9] considering the various physical condi-
tions in Newtonian as well as non-Newtonian ﬂuids. On the
other hand, Chiam [10] investigated the stagnation-point ﬂow
towards a stretching sheet and found no boundary layer struc-
ture near the sheet. Mahapatra and Gupta [11] reinvestigated
the same stagnation-point ﬂow towards a stretching sheet
and found two kinds of boundary layer near the sheet depend-
ing on the ratio of the stretching and straining rates. The
stagnation-point ﬂow over stretching sheet was further investi-
gated by Mahapatra and Gupta [12], Nazar et al. [13], Layek
et al. [14], Hayat et al. [15] and Zhu et al. [16,17], where they
explore some important properties.ier B.V. All rights reserved.
Nomenclature
A unsteadiness parameter
a straining constant
c shrinking/stretching constant
cp speciﬁc heat
f dimensionless stream function
f0 dimensionless velocity
Pr Prandtl number
p pressure
r, q, z variables
T temperature
Tw temperature at the sheet
T1 free stream temperature
T0 constant
t time
Uw shrinking/stretching velocity of the sheet
U1 stagnation ﬂow velocity
u velocity component in x direction
v velocity component in y direction
x distance along the sheet
y distance perpendicular to the sheet
a constant
g similarity variable
j thermal conductivity of the ﬂuid
t kinematic ﬂuid viscosity
l coefﬁcient of ﬂuid viscosity
q ﬂuid density
h dimensionless temperature
w stream function
260 K. BhattacharyyaDifferent from forward stretching ﬂow, the ﬂow induced by
to a shrinking sheet was ﬁrst observed by Wang [18]. This
shrinking ﬂow is essentially a backward ﬂow as discussed by
Goldstein [19]. After few years, Miklavcˇicˇ and Wang [20]
established the existence and uniqueness of the similarity solu-
tion of the equation for the steady ﬂow due to a shrinking
sheet and they also reported that an adequate suction is neces-
sary to maintain the steady ﬂow. If the physical background of
the ﬂow is examined then it can be observed that the vorticity
generated due to the shrinking of sheet is not conﬁned within
the boundary layer, and the steady ﬂow exists only when ade-
quate suction on the boundary is imposed. Later on, Hayat
et al. [21,22] obtained analytic solutions of magnetohydrody-
namic (MHD) rotating and non-rotating ﬂows of a second
grade ﬂuid over a shrinking sheet using homotopy analysis
method (HAM). Fang [23] reported an analytic solution of
the boundary layer ﬂow over a shrinking sheet with a power-
law surface velocity and wall mass transfer. Also, Fang and
Zhang [24] found a closed-form analytic solution for two-
dimensional MHD ﬂow over a porous shrinking sheet sub-
jected to wall mass transfer. Further, Fang and his co-authors
[25–29] discussed some other important aspects of shrinking
ﬂow. Bhattacharyya [30] studied the ﬂow over an exponentially
shrinking sheet. Recently, an analytic solution of steady two-
dimensional MHD rotating ﬂow of a second grade over a por-
ous shrinking surface was reported by Faraz and Khan [31]
using homotopy perturbation method. Yacob and Ishak [32]
and Bhattacharyya et al. [33] discussed the micropolar ﬂuid
ﬂow over a shrinking sheet with out and with thermal radia-
tion, respectively.
On the other hand, Wang [34] ﬁrst investigated the stagna-
tion-point ﬂow towards a shrinking sheet for both two-dimen-
sional and axisymmetric cases. Ishak et al. [35] studied the
steady boundary layer stagnation-point ﬂow of a micropolar
ﬂuid over a shrinking sheet. Bhattacharyya and Layek [36]
analyzed the effects of suction/blowing on the boundary layer
stagnation-point ﬂow and heat transfer towards a shrinking
sheet in presence of thermal radiation. Some other important
characteristics of stagnation-point ﬂow past a shrinking sheet
can be found in the articles [37–43].
Every study mentioned above is of steady state condition.
But in certain circumstances, the ﬂow becomes time dependent
and consequently, it is necessary to consider the unsteadinessof the ﬂow. The unsteady ﬂow due to shrinking sheet was stud-
ied by Fang et al. [44] and they numerically obtained the solu-
tion of the Navier–Stokes equations. The unsteady boundary
layer ﬂow on a shrinking sheet in an electrically conducting
ﬂuid under the effect of transverse magnetic ﬁeld of constant
strength was considered by Merkin and Kumaran [45]. The un-
steady three dimensional viscous ﬂow over a continuously per-
meable shrinking surface was demonstrated by Bachok et al.
[46]. Bhattacharyya [47] considered the effects of radiation
and heat source/sink on unsteady MHD boundary layer ﬂow
and heat transfer over a shrinking sheet with suction/injection.
Fan et al. [48] investigated the unsteady stagnation ﬂow and
heat transfer towards a shrinking sheet using HAM and Bhat-
tacharyya [49] discussed the unsteady boundary layer stagna-
tion-point ﬂow over a shrinking sheet using numerical
method. The unsteady boundary layer ﬂow of a nanoﬂuid over
a permeable stretching/shrinking sheet is studied by Bachok
et al. [50].
In the present paper, an analytical as well as numerical
investigation is performed to obtain the dual solutions for heat
transfer in unsteady boundary layer stagnation-point ﬂow to-
wards a shrinking/stretching sheet. Here, time dependent tem-
perature distribution along the sheet is taken into
consideration. The center of attention of this investigation is
to ﬁnd out the effects of unsteadiness on the dual solutions
of temperature distribution when the surface temperature is
only time dependent. The transformed self-similar equations
are solved numerically and all the characteristics of heat trans-
fer are discussed in detail.
2. Problem formulation
Consider the two-dimensional unsteady boundary layer stag-
nation-point ﬂow of a viscous incompressible ﬂuid and heat
transfer towards a sheet shrunk/stretched in its own plane with
velocity Uw(x, t). The governing equations of motion and the
energy equation may be written in usual notation as:
@u
@x
þ @v
@y
¼ 0 ð1Þ
@u
@t
þ u @u
@x
þ v @u
@y
¼  1
q
@p
@x
þ t @
2u
@y2
ð2Þ
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@T
@t
þ u @T
@x
þ v @T
@y
¼ j
qcp
@2T
@y2
; ð3Þ
where u and are velocity components in x and y directions
respectively, t is the time, (t= l/q) is the kinematic ﬂuid vis-
cosity, q is the ﬂuid density, l is the coefﬁcient of ﬂuid viscos-
ity, p is the pressure, T is the temperature, j is the thermal
conductivity of the ﬂuid and cp is the speciﬁc heat.
In the free stream, u= U1(x, t) and one can write from (2)
@U1
@t
þU1 @U1
@x
¼  1
q
@p
@x
;
where U1(x, t) is stagnation ﬂow velocity in free stream.
Then the momentum Eq. (2) reduces to [51]
@u
@t
þ u @u
@x
þ v @u
@y
¼ @U1
@t
þU1 @U1
@x
þ t @
2u
@y2
: ð4Þ
The appropriate boundary conditions for the velocity com-
ponents and the temperature are
u ¼ Uwðx; tÞ; v ¼ 0 at y ¼ 0; u! U1ðx; tÞ as y!1 ð5Þ
T ¼ Tw at y ¼ 0; T! T1 as y!1: ð6Þ
The wall shrinking/stretching velocity and the stagnation
ﬂow velocity are of the forms:
Uwðx; tÞ ¼ cx=ð1 atÞ and U1ðx; tÞ ¼ ax=ð1 atÞ;
where c is the shrinking/stretching constant with c< 0 for
shrinking and c> 0 for stretching, a(>0) is the straining con-
stant and a(>0) is a constant and are all with dimension
(Time)1.
The temperature of the sheet Tw is taken only time depen-
dent in the form:
Tw ¼ T1 þ T0ð1 atÞ3=2;
where T1 is the free stream temperature assumed to be con-
stant and T0 is a constant which measures the rate of temper-
ature increase along the sheet.
3. Similarity analysis and method of solution
The following similarity transformations are introduced:
w ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
at=ð1 atÞ
p
xfðgÞ; T ¼ T1 þ ðTw  T1ÞhðgÞ and g
¼ y
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
a=ftð1 atÞg
p
; ð7Þ
where w is the stream function deﬁned in the usual notation as
u = @w/@y and = @w/@x and g is the similarity variable.
In view of (7), Eq. (1) satisﬁes automatically and Eqs. (4)
and (3) reduce to the following self-similar equations:
f000 þ ff00  f02  A f0  1þ 1
2
gf00
 
þ 1 ¼ 0 ð8Þ
and h00 þ Pr fh0  A 3
2
hþ 1
2
gh0
  
¼ 0; ð9Þ
where A= a/a is the unsteadiness parameter and Pr = lcp/j
is the Prandtl number.
The boundary conditions (5) and (6) also transform to
fðgÞ ¼ 0; f0ðgÞ ¼ e at g ¼ 0; f0ðgÞ ! 1 as g!1 ð10Þand hðgÞ ¼ 1 at g ¼ 0; hðgÞ ! 0 as g!1; ð11Þ
where e= c/a is the velocity ratio parameter.
The above Eqs. (8) and (9) along with the boundary condi-
tions is solved using shooting method, by converting them into
initial value problem (IVP). In this method, it is necessary to
choose a suitable ﬁnite value of gﬁ1, say g1. The following
system is set:
f0 ¼ r; r0 ¼ q; q0 ¼ r2  fqþ A r 1þ 1
2
gq
 
 1 ð12Þ
and h0 ¼ z; z0 ¼ Pr fz A 3
2
hþ 1
2
gz
  
ð13Þ
with the boundary conditions
fð0Þ ¼ 0; rð0Þ ¼ e; hð0Þ ¼ 1: ð14Þ
In order to integrate (12) and (13) with (14) as IVP the val-
ues for q(0) i.e. f00(0), z(0) i.e. h0(0) are required but no such val-
ues are given. The initial guess values for f00(0) and h0(0) are
chosen and using Runge–Kutta method the numerical integra-
tion is carried out. The calculated values of f0(g) and h(g) at
g1(=10) are compared with the given boundary conditions
f0(g1) = 1 and h(g1) = 0 and then the estimated values f00(0)
and h0(0) are adjusted using ‘‘secant method’’ to ﬁnd better
approximation for the solution. The step-size is taken as
Dg= 0.01. The process is repeated until the results are correct
up to the desired accuracy of 105 level.
4. Results and discussion
The steady stagnation-point ﬂow over shrinking sheet had
been discussed by Wang [34] and the unsteady case by Bhatta-
charyya [49]. This investigation focuses on the heat transfer
analysis in unsteady stagnation-point ﬂow with time depen-
dent surface temperature.
The study shows that due to increase in unsteadiness the
range of e, where the similarity solution exists, becomes lar-
ger. The details of increase in ranges of e of existence, unique-
ness and non-existence of similarity solution are given in
Table 1. The values of skin friction coefﬁcient f00(0) with e
for several values of A is plotted in Fig. 1 and the values
of heat transfer coefﬁcient (negative temperature gradient at
the sheet) h0(0) with e for several values of A and Pr are
presented in Fig. 2 and Fig. 3 respectively. The results imply
that the unsteadiness of the ﬂow controls the generated vor-
ticity due to the shrinking velocity and it delays the boundary
layer separation, consequently the existence range of e for
similarity solution increases. Also, from the ﬁgures (Figs. 1–
3), it is clearly observed that in addition to dual velocity pro-
ﬁles, dual temperature proﬁles also exist for steady as well as
unsteady ﬂows. The value of heat transfer coefﬁcient h0(0)
increases with A for both solutions. So, the heat transfer rate
is increased with the unsteadiness of ﬂow and consequently
the rate of cooling of the sheet enhances. Also, in presence
of unsteadiness the increase in Prandtl number Pr causes
an increase in heat transfer coefﬁcient (Fig. 3) for both
solutions.
The dimensionless temperature proﬁles h(g) for various val-
ues of velocity ratio parameter e, unsteadiness parameter A
and Prandtl number Pr are presented in Figs. 4–6, respectively.
Similar to velocity distribution [49], for temperature, the
Table 1 Ranges of e for unique solution, dual solutions and non-existence of solution for several values of unsteadiness parameter A.
Unsteadiness parameter A Range of e for unique solution Range of e for dual solution Range of e for non-existence of solution
0.0 (1,1) [1.24657,1] (1,1.24657)
0.1 (1,1) [1.31178,1] (1,1.31178)
0.2 (1,1) [1.38044,1] (1, –1.38044)
First  solution
= 0.2A
= 0.1A
= 0A
f
(0)//
ε
Second  solution
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Figure 1 Skin friction coefﬁcient f00(0) vs. e for several values of
A.
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Figure 2 Heat transfer coefﬁcient h0(0) vs. e for several values
of A.
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Figure 3 Heat transfer coefﬁcient h0(0) vs. e for several values
of Pr.
Figure 4 Dual temperature proﬁles h(g) for several values of e.
Figure 5 Dual temperature proﬁles h(g) for several values of A.
Figure 6 Dual temperature proﬁles h(g) for several values of Pr.
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Figure 7 Dual temperature gradient proﬁles h0(g) for several
values of A.
Figure 8 Dual temperature gradient proﬁles h0(g) for several
values of Pr.
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than that for ﬁrst solution. The temperature at a point in-
creases with increasing magnitude of e for ﬁrst solution and
for second solution it decreases. While for enhancement in
unsteadiness parameter A, though the temperature for ﬁrst
solution decreases, for second solution the temperature proﬁles
show quite different behaviors: the temperature initially de-
creases with A, but for large g it increases with A. This is
caused only due to unsteadiness of the ﬂow. In presence of
unsteadiness the temperature proﬁles exhibit more interesting
nature when the Prandtl number varies. Due to higher values
of Pr the temperature proﬁle shows different character in dif-
ferent ranges of g. First for small g, the dimensionless temper-
ature h(g) decreases with Pr, then after that it increases with Pr
and ﬁnally for large g it again decreases with increase of Pr.
Figs. 7 and 8 depict the effects of unsteadiness parameter
and the Prandtl number on the temperature gradient. For
A= 0, the temperature gradient proﬁle (both) h0(g) initially
decreases, after that it starts increasing and goes to zero level.
When unsteadiness is imposed i.e. for A> 0, the nature
changes; the temperature gradient initially increases, then de-
creases and ultimately it again increases to reach the zero level.
This character of the temperature gradient proﬁles becomes
more prominent (Fig. 8) when the Prandtl number Pr
increases.5. Conclusions
The heat transfer in unsteady boundary layer stagnation-point
ﬂow over a shrinking/stretching sheet is studied taking time
dependent surface temperature. The transformed self-similar
equations are solved by shooting method. Dual solutions for
the heat transfer in unsteady ﬂow are obtained in certain con-
ditions. For increase of unsteadiness parameter the heat trans-
fer rate enhances in both cases. Also, due to increasing
unsteadiness the temperature for ﬁrst solution decreases and
for second solution the temperature initially decreases and
then increases. Due to increase of Prandtl number, for both
solutions, the thermal boundary layer thickness decreases,
but the rate of heat transfer increases.Acknowledgements
The author is thankful to reviewers for their valuable com-
ments and suggestions which helped to improve the quality
of the paper. The author also gratefully acknowledges the
ﬁnancial support of National Board for Higher Mathematics
(NBHM), DAE, Mumbai, India for pursuing this work.
References
[1] Crane LJ. Flow past a stretching plate. Z Angew Math Phys
1970;21:645–7.
[2] Gupta PS, Gupta AS. Heat and mass transfer on a stretching
sheet with suction and blowing. Can J Chem Eng 1977;55:744–6.
[3] Dutta BK, Roy P, Gupta AS. Temperature ﬁeld in ﬂow over a
stretching sheet with uniform heat ﬂux. Int Commun Heat Mass
Transfer 1985;12:89–94.
[4] Chen CK, Char MI. Heat transfer of a continuous stretching sur-
face with suction or blowing. J Math Anal Appl 1988;135:568–80.
[5] Pavlov KB. Magnetohydrodynamic ﬂow of an incompressible
viscous ﬂuid caused by the deformation of a plane surface. Magn
Gidrod 1974;10:146–8.
[6] Sankara KK, Watson LT. Micropolar ﬂow past a stretching sheet.
Z Angew Math Phys 1985;36:845–53.
[7] Andersson HI, Dandapat BS. Flow of a power-law ﬂuid over a
stretching sheet. Stabil Appl Anal Contin Media 1991;1:339–47.
[8] Vajravelu K. Viscous ﬂow over a nonlinearly stretching sheet.
Appl Math Comput 2001;124:281–8.
[9] Cortell R. Viscous ﬂow and heat transfer over a nonlinearly
stretching sheet. Appl Math Comput 2007;184:864–73.
[10] Chiam TC. Stagnation-point ﬂow towards a stretching plate. J
Phys Soc Jpn 1994;63:2443–4.
[11] Mahapatra TR, Gupta AS. Magnetohydrodynamic stagnation-
point ﬂow towards a stretching sheet. Acta Mech 2001;152:191–6.
[12] Mahapatra TR, Gupta AS. Heat transfer in stagnation-point ﬂow
towards a stretching sheet. Heat Mass Transfer 2002;38:517–21.
[13] Nazar R, Amin N, Filip D, Pop I. Stagnation point ﬂow of a
micropolar ﬂuid towards a stretching sheet. Int J Non-Linear
Mech 2004;39:1227–35.
[14] Layek GC, Mukhopadhyay S, Samad SKA. Heat and mass
transfer analysis for boundary layer stagnation-point ﬂow
towards a heated porous stretching sheet with heat absorption/
generation and suction/blowing. Int Commun Heat Mass Trans-
fer 2007;34:347–56.
[15] Hayat T, Javed T, Abbas Z. MHD ﬂow of a micropolar ﬂuid near
a stagnation-point towards a non-linear stretching surface.
Nonlinear Anal Real World Appl 2009;10:1514–26.
[16] Zhu J, Zheng L, Zhang X. Homotopy analysis method for
hydromagnetic plane and axisymmetric stagnation-point ﬂow
with velocity slip. WASET 2010;63:151–4.
264 K. Bhattacharyya[17] Zhu J, Zheng L, Zhang ZG. Effects of slip condition on MHD
stagnation-point ﬂow over a power-law stretching sheet. Appl
Math Mech 2010;31:439–48.
[18] Wang CY. Liquid ﬁlm on an unsteady stretching sheet. Q Appl
Math 1990;48:601–10.
[19] Goldstein S. On backward boundary layers and ﬂow in converg-
ing passages. J Fluid Mech 1965;21:33–45.
[20] Miklavcˇicˇ M, Wang CY. Viscous ﬂow due a shrinking sheet. Q
Appl Math 2006;64:283–90.
[21] Hayat T, Abbas Z, Sajid M. On the analytic solution of
magnetohydrodynamic ﬂow of a second grade ﬂuid over a
shrinking sheet. ASME J Appl Mech 2007;74:1165–71.
[22] Hayat T, Javed T, Sajid M. Analytic solution for MHD rotating
ﬂow of a second grade ﬂuid over a shrinking surface. Phys Lett A
2008;372:3264–73.
[23] Fang T. Boundary layer ﬂow over a shrinking sheet with power
law velocity. Int J Heat Mass Transfer 2008;51:5838–43.
[24] Fang T, Zhang J. Closed-form exact solution of MHD viscous
ﬂow over a shrinking sheet. Commun Nonlinear Sci Numer Simul
2009;14:2853–7.
[25] Fang T, Yao S, Zhang J, Aziz A. Viscous ﬂow over a shrinking
sheet with a second order slip ﬂow model. Commun Nonlinear Sci
Numer Simul 2010;15:1831–42.
[26] Fang T, Liang W, Lee CF. A new solution branch for the Blasius
equation – a shrinking sheet problem. Comput Math Appl
2008;56:3088–95.
[27] Fang T, Zhang J, Yao S. Slip magnetohydrodynamic viscous ﬂow
over a permeable shrinking sheet. Chin Phys Lett 2010;27:124702.
[28] Fang T, Zhang J. Thermal boundary layers over a shrinking sheet:
an analytical solution. Acta Mech 2010;209:325–43.
[29] Yao S, Fang T, Zhong Y. Heat transfer of a generalized
stretching/shrinking wall problem with convective boundary
conditions. Commun Nonlinear Sci Numer Simul 2011;16:752–60.
[30] Bhattacharyya K. Boundary layer ﬂow and heat transfer over an
exponentially shrinking sheet. Chin Phys Lett 2011;28:074701.
[31] Faraz N, Khan Y. Analytical solution of electrically conducted
rotating ﬂow of a second grade ﬂuid over a shrinking surface. Ain
Shams Eng J 2011;2:221–6.
[32] Yacob NA, Ishak A. Micropolar ﬂuid ﬂow over a shrinking sheet.
Meccanica 2012;47:293–9.
[33] Bhattacharyya K, Mukhopadhyay S, Layek GC, Pop I. Effects of
thermal radiation on Micropolar ﬂuid ﬂow and heat transfer over
a porous shrinking sheet. Int J Heat Mass Transfer
2012;55:2945–52.
[34] Wang CY. Stagnation ﬂow towards a shrinking sheet. Int J
Nonlinear Mech 2008;43:377–82.
[35] Ishak A, Lok YY, Pop I. Stagnation-point ﬂow over a shrinking
sheet in a micropolar ﬂuid. Chem Eng Commun
2010;197:1417–27.
[36] Bhattacharyya K, Layek GC. Effects of suction/blowing on
steady boundary layer stagnation-point ﬂow and heat transfer
towards a shrinking sheet with thermal radiation. Int J Heat Mass
Transfer 2011;54:302–7.
[37] Bhattacharyya K, Mukhopadhyay S, Layek GC. Slip effects on
boundary layer stagnation-point ﬂow and heat transfer towards a
shrinking sheet. Int J Heat Mass Transfer 2011;54:308–13.[38] Lok YY, Ishak A, Pop I. MHD stagnation-point ﬂow towards a
shrinking sheet. Int J Numer Meth Heat Fluid Flow
2011;21:61–72.
[39] Mahapatra TR, Nandy SK, Gupta AS. Momentum and heat
transfer in MHD stagnation-point ﬂow over a shrinking sheet.
ASME J Appl Mech 2011;78:021015.
[40] Yacob NA, Ishak A, Pop I. Melting heat transfer in boundary
layer stagnation-point ﬂow towards a stretching/shrinking sheet in
a micropolar ﬂuid. Comput Fluids 2011;47:16–21.
[41] Bhattacharyya K. Dual solutions in boundary layer stagnation-
point ﬂow and mass transfer with chemical reaction past a
stretching/shrinking sheet. Int Commun Heat Mass Transfer
2011;38:917–22.
[42] Rosali H, Ishak A, Pop I. Stagnation point ﬂow and heat transfer
over a stretching/shrinking sheet in a porous medium. Int
Commun Heat Mass Transfer 2011;38:1029–32.
[43] Bhattacharyya K, Vajravelu K. Stagnation-point ﬂow and heat
transfer over an exponentially shrinking sheet. Commun Nonlin-
ear Sci Numer Simul 2012;17:2728–34.
[44] Fang T, Zhang J, Yoa S. Viscous ﬂow over an unsteady shrinking
sheet with mass transfer. Chin Phys Lett 2009;26:014703.
[45] Merkin JH, Kumaran V. The unsteady MHD boundary-layer
ﬂow on a shrinking sheet. Eur J Mech B Fluids 2010;29:357–63.
[46] Bachok N, Ishak A, Pop I. Unsteady three-dimensional boundary
layer ﬂow due to a permeable shrinking sheet. Appl Math Mech
2010;31:1421–8.
[47] Bhattacharyya K. Effects of radiation and heat source/sink on
unsteady MHD boundary layer ﬂow and heat transfer over a
shrinking sheet with suction/injection. Front Chem Sci Eng
2011;5:376–84.
[48] Fan T, Xu H, Pop I. Unsteady stagnation ﬂow and heat transfer
towards a shrinking sheet. Int Commun Heat Mass Transfer
2010;37:1440–6.
[49] Bhattacharyya K. Dual solutions in unsteady stagnation-point
ﬂow over a shrinking sheet. Chin Phys Lett 2011;28:084702.
[50] Bachok N, Ishak A, Pop I. Unsteady boundary-layer ﬂow and
heat transfer of a nanoﬂuid over a permeable stretching/shrinking
sheet. Int J Heat Mass Transfer 2012;55:2102–9.
[51] Kumari M, Nath G. Unsteady incompressible boundary layer
ﬂow of a micropolar ﬂuid at a stagnation point. Int J Eng Sci
1984;22:755–68.
Krishnendu Bhattacharyya is M.Sc. in Mathe-
matics from The University of Burdwan, West
Bengal, India and he is submitted his Ph.D.
thesis in the same university. His main interest
focuses on the boundary layer ﬂows of New-
tonian and non-Newtonian ﬂuids.
